Introduction: Multiple sclerosis (MS) is associated with reduced work capacity, but there is limited knowledge about MS patients' sources of income. Objectives: The purpose of this study was to elucidate MS patients' earnings and social benefits compared to those of the general population. Methods: From nationwide registers of all residents in Sweden aged 21-64 years in 2010 (n=5,291,764), those with an MS diagnosis (n=13,979) were compared to a propensity score matched reference group (n=69,895). Descriptive statistics and regression models were used to estimate the percentage difference between the MS patients and the matched references regarding the following annual incomes: earnings, disability pension, sickness absence, disability allowance, unemployment compensation and social assistance. Results: Both MS patients and the matched references received most of their income from earnings followed by disability pension and sickness absence. MS patients that were diagnosed in 2010 had 15% lower earnings than the matched references, while MS patients diagnosed before 2005 had 38% lower earnings. Corresponding figures regarding summed social benefits were 33% and 130% higher for MS patients, respectively.
Introduction
Multiple sclerosis (MS) is a chronic, often progressive neurological disease, generally diagnosed between the working ages of 20-50 years. The disease usually leads to reductions in the individual's work capacity, e.g. due to fatigue, weakness, impaired mobility, and cognitive problems. 1 The reduced work capacity for individuals diagnosed with MS (hereafter 'MS patients') has in previous studies been associated with higher risk for labour market marginalisation [2] [3] [4] [5] and higher usage of social security systems than in the general population. 2, [6] [7] [8] Chronic severe diseases are generally associated with poverty, [9] [10] [11] [12] something that different types of welfare systems aim to prevent for humanitarian purposes and to ensure that more groups have economic resources for consumption. of MS at the time of diagnoses, but, as the disease progressed, the indirect costs, in terms of production loss, dominated the total societal costs of MS. 13 Knowledge on how MS affects the economic situation from the individual's point of view is still limited. One approach to evaluate the individual's economic situation is to examine if MS patients' sources of income differ from those of the general population and, if so, how? Moreover, when studying sources of income it is important to be aware of what information different types of incomes provide about the individual's living situation. For example, earnings from work (hereafter 'earnings') are a source of income that is frequently used when studying economic consequences of morbidity for the individual. 14 Earnings provide information about the individual's labour market attachment and ability for self-sufficiency. However, earnings do not provide all the information about the individual's financial situation. This is especially true in countries with extensive welfare systems, including Sweden, where earnings lost due to morbidity can be compensated for through different transfer systems. Due to the different types of transfer systems it is, however, not always obvious which alternative sources of income an individual is eligible for. Therefore, in studies on individuals' overall economic situation, the results could be misleading if only one such source of income is included, especially so when studying morbidity which in many cases leads to eligibility for various social security transfers.
The different types of transfer systems are usually, to a varying degree, negatively correlated with each other so that being granted compensation from one type of benefit reduces the amount of possible compensation from other types of benefits (e.g. being granted disability pension lowers the amount of possible compensation for sickness absence). 15 Also, in several of these transfer systems that are designed to compensate lost earnings, the replacement rate is based on levels of earnings before the loss of income (e.g. sickness absence, disability pension and unemployment compensation). 16 Therefore, there is often an association between earnings in the period before morbidity or unemployment and later compensation level. 16 To get a comprehensive overview of the MS patient's total financial situation, it is, therefore, important to include several sources of incomes. Furthermore, the composition of different sources of income of an individual is likely to differ based on time since diagnosis. Since research on the MS patient's financial situation is still very limited and most existing studies focus on costs for MS patients, this study contributes by describing incomes among MS patients using Swedish high quality nationwide register data. Thus, the aim of this study was to analyse MS patients' earnings and different types of social benefits and to establish how the composition of these levels and sources of incomes differs from that of the general population with regard to time since MS diagnosis.
Material and methods
A cross-sectional population-based study was conducted, based on all of the 5,291,764 individuals aged 21-64 years and living in Sweden during 2010. Individuals registered with a MS diagnosis (International Classification of Disease (ICD) code: '340' (ICD 8 and 9) or 'G35' (ICD 10)) in nationwide registers [16] [17] [18] [19] The reference group consisted of propensity score (1→5)-matched individuals from the same source population without any registered MS diagnoses during the period 1987-2010 (n=69,895). Prior to matching, 74,609 (1.4%) individuals in the total population were excluded due to missing data on any of the analysed variables.
Register data from the following three sources were linked, using the unique personal identification number assigned to all residents in Sweden:
Statistics Sweden: Longitudinal Integration
Database for Health Insurance and Labor Market studies (LISA) was used to obtain information on socio-demographic variables from 2010 (sex, age, education, living region, family composition, country of birth) and annual amounts of six sources of incomes (earnings, unemployment compensation, disability pension, disability allowance, sickness absence, and social assistance). 16 
Social Insurance Agency: The Micro Data for
Analysis of Social Insurance, (MiDAS) database was used to obtain information on diagnoses and start dates for sickness absence (2005-2010) and disability pension (1994-2010). 17 
National Board of Health and Welfare:
The national patient register was used to obtain information on start dates and diagnoses (main and all contributing) for inpatient hospital care (1987-2010), specialised outpatient hospital care (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) , and outpatient surgery (1997) (1998) (1999) (2000) . 18 Sources of incomes and socio-demographic variables Information on annual income from the following six income sources was used:
1. Earnings: Income from work including salaries, self-employment, and sick pay from the employer (in most cases day 2-14 of a sickleave spell). 16 
Disability pension:
Replacement for up to 64% of lost income due to permanent or longterm reduced work capacity due to disease or injury at 25%, 50%, 75% and 100% of ordinary work hours, ages 19-64 years. 16 
Sickness absence: Replacement for up to 80%
of lost income due to temporary reduced work capacity due to disease or injury at 25%, 50%, 75% or 100%, ages 16-64 years. 16 
Disability allowance:
Compensates individuals for extra expenditures in daily living due to permanent disability, ages 19-64 years. 16 
Unemployment compensation: Replacement
for up to 80% of lost income due to unemployment. Requires 12 months of employment before unemployment. 16 6. Social assistance: Municipal means-tested cash benefits to low-income households to ensure a minimum level of living standard. 16 All listed sources of incomes, except earnings, have fixed maximum levels of replacement, so that they can constitute the main income for the individual (although at a lower level in the case of social assistance) whereas disability allowance is a supplementary income which covers part of the extra expenses related to a disease or injury (up to ~250 Euros/month in 2010). 
Statistical analyses
Considerable differences in the socio-demographic composition (mostly regarding sex and age) between the MS patients and the general population were observed. These differences were likely to affect the levels and composition of the different sources of incomes in the MS patients and the general population, respectively, and thereby making descriptive statistics difficult to interpret. Therefore, we used propensity score matching (1→5 nearest neighbour without replacements) 21 to create a reference group with similar socio-demographic composition to the group of MS patients. The estimated probabilities that were used for matching references to each MS patient were obtained through logistic regression with MS (yes/no) as the dependant variable and age, sex, education, type of living area, geographical region, and country of birth as explanatory variables (all variables obtained for 2010). To evaluate if the matching procedure was successful, balance scores were calculated. 22 Those selected by the matching procedure (n=69,895) are, hereafter, referred to as 'matched references'.
Descriptive statistics were used to describe, in absolute and relative terms, levels of income from the six different sources of income, stratified by socio-demographics, among MS patients and in relation to the matched references, and to describe the distribution of the different sources of income among MS patients with different time since first diagnosis and among the matched references. Further, to evaluate potential differences in magnitudes of sources of incomes, adjusted for socio-demographic variables, regression analyses were performed separately for 'earnings' and the sum of the other five sources of incomes: 'benefits'. Since all individuals did not have both earnings and benefits, the data contained a considerable proportion of zeroes. Due to observed clustering of zeroes in both types of incomes and correlation within the study population (introduced intragroup dependence as a result of the matching procedure), a two-part repeated measurement mixed-model was used. The first part of the model estimated the probability of having a positive income (>0) using a logistic regression. In the second part, the mean magnitude of income was estimated for those with a positive income, using a linear model. The regressions were performed separately for earnings and benefits, using a SAS-macro called 'MIXCORR'. 23 The models used in this study were specified with the same set of explanatory variables in both parts of the model and both earnings and benefits: sex, family composition, age, age 2 , education, type of living area, geographical region, and country of birth. The estimates were interpreted as odds ratios (ORs) (part 1) and difference in level of earnings or benefits (part 2), compared to the matched references, all with 95% confidence intervals (CIs).
The project was approved by the Regional Ethical Review Board.
Results
In Table 1) . After matching, a majority of both MS patients and matched references were women (71%), born in Sweden (90%), had at least secondary education (86%), and were aged above 44 years (62%).
The highest total mean income was, in both groups, attributable to earnings, followed by disability pension and sickness absence ( Table 2 ). However, the matched references had higher levels of earnings while MS patients had higher levels of disability pension and reimbursed sickness absence. MS patients had considerable higher levels of mean disability allowance, while the matched references had higher levels of unemployment compensation than the MS patients. Incomes in terms of social assistance were rather similar in the two groups. When comparing the proportions of individuals with a positive income (>0) between the MS patients and the matched references, we found a similar pattern to that of levels of mean income for the different sources of incomes.
In Figure 1 , mean incomes from all six sources of incomes were combined and presented for all MS patients and matched references and for MS patient stratified by year of diagnosis. The figure shows that the combined mean income for MS patients, regardless of year of MS diagnosis, was lower than for the matched references. Also, MS patients had higher levels of income from disability pension. For MS patients; stratification by year of diagnosis showed that with increasing number of years since MS diagnosis, the proportions of earnings decreased while the proportion of disability pension increased.
The relative differences between the MS patients and the matched references regarding types of income, stratified by socio-demographic variables, are presented in Table 3 (no difference: relative differ-ence=1). The overall relative differences per type of income were; earnings: 0.61, disability pension: 5.07, reimbursed sickness absence: 2.58, disability allowance: 18.36, unemployment compensation: 0.70 and social assistance: 0.75. Further, we observed larger differences in earnings among individuals with lower levels of education than among those with higher education. The same results for earnings were also observed for living in a more densely populated area vs living in less densely populated area. Figure 2 shows combined incomes, stratified by MS (yes/no) and age groups; the proportion of income from disability pension increased with age for both MS patients and the matched references. In age groups of 21-24 and 25-34 years, the levels of included incomes were about the same but in age groups above 34 years, the matched references had an, on average, higher combined income. Also, MS patients' earnings peaked in age groups 35-44 years whereas the earnings of the matched references peaked in age groups 45-54 years.
For both MS patients and matched references; men had a higher total income, of which a large proportion consisted of earnings, compared to women (Figure 3 ).
In the two-part regression model, the probabilities of having a positive income and the magnitudes of income for those with a positive income were estimated separately for earnings and benefits ( Estimates of magnitudes of the two incomes showed that MS patients diagnosed in 2010 had 14.63% lower earnings than the matched references while MS patients diagnosed before 2005 had 38.49% lower earnings than the matched references. Corresponding differences for benefits were 33.19% higher respectively 129.68% higher than the matched references. All estimates were statistically different from zero (p<0.05).
Discussion
In this nationwide large cohort study we observed that MS patients had on average lower earnings compared to the matched references. Also, MS patients were clearly overrepresented, in relative and absolute terms, with regard to health-related sources of incomes: sickness absence, disability pension and disability allowance, whereas the differences were small for unemployment compensation and social assistance.
For MS patients, a longer time since MS diagnoses meant a higher proportion of total income from disability pension and lower from earnings. Nevertheless, for both groups, most of the total income came from earnings. Our results are in line with previous studies; MS patients are to a large extent dependent on alternative sources of income. 8, 13, [24] [25] [26] [27] [28] [29] [30] However, studies on specific sources of incomes among MS patients are scarce. Existing studies mostly consist of self-reported information on the individuals' overall financial situation. 8, [24] [25] [26] [27] [28] [29] [30] There are two exceptions, both based on Danish register data, showing negative associations between MS and individual gross income 2,4 and positive associations with sickness absence 2 and disability pension; 4 results that are in line with our findings.
The observed negative association between MS and labour market participation is probably related to disability; MS patients may work less than full-time as the disease progresses. However, this was not the case for all; we observed smaller differences in earnings, compared to matched references, among those with higher levels of education and living in densely populated areas, factors not directly linked to the progression of MS. It might be that it is easier to find alternative jobs with a higher education or if living in urban areas; more knowledge is needed on such mechanisms.
As expected, we found that more years since diagnosis was associated with a higher rate of the reimbursed proportion of lost income being covered by the permanent type of compensation (disability pension) than by temporary sickness absence benefits.
For both MS patients and matched references; social assistance, disability allowance and unemployment compensation were less common sources of incomes, compared to earnings, sickness absence and disability pension. This was reflected in the results on mean incomes. Although these income sources do not constitute large sums on the macro level, they are informative about the individual's labour market attachment; social assistance implies living in a household with very low income while unemployment compensation indicates that the individual is not currently self-sufficient but is assessed as having work capacity and being available for the labour market. The small observed differences in social assistance between MS patients and matched references indicate that other components of the welfare system prevent MS patients from being reliant on municipal cash benefits to a higher extent than others.
Overall, the results highlight the importance of a flexible welfare system that can distinguish between different life-course situations such as temporary and permanently-reduced work capacity. However, from both the individual and the societal perspective, it is imperative to find alternative types of employment, suitable for the MS patient's work capacity, in order to extend the individual's participation in working life.
When, as here, combining different sources of incomes, the economic situation does not seem to differ very much between MS patients and reference populations. Nevertheless, having MS is also related to additional costs, e.g. for healthcare and medicines. 2, 8, 24, 25, [30] [31] [32] However, another aspect of the Swedish welfare system is that healthcare and medicines are highly subsidised; individuals only pay a modest annual maximum sum.
Strengths of this study are that we used several high quality and nationwide registers with total population coverage, a large cohort, and data covering several years. Our data included information on socio-demographics, several different sources of income and hospital care. Furthermore, the large number of individuals meant that sub-group analyses could be conducted. Also, the reference group was a sample from the general population with no restrictions, besides MS, on morbidity, meaning that they also could have more or less severe morbidity leading to reduced work capacity and need of the studied benefits.
Limitations include that we, as in most MS studies, did not have exact information about when individuals' first MS-related symptoms occurred, only when they first were diagnosed with MS.
Conclusion
The results indicate that MS patients are overrepresented, in relative and absolute terms, with regard to health-related benefits and have overall lower levels of earnings. However, the mean levels of the other sources of income did not vary much between MS patients and matched references. Further, time since diagnosis was negatively correlated with earnings and positively correlated with disability pension. The redistributive welfare system of Sweden, in line with its intentions, appears to financially compensate MS patients considerably. 
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